Green bonds have both "bond" and "green" attributes and are one of the important financing tools for green financial markets. The green bond risk premium directly reflects the financing cost of bond issuers and the capital gains of investors. A reasonable risk premium is the key to the successful issuance and trading of green bonds. Therefore, this paper studies the factors affecting the risk premium of China's green bond issuance, aiming to provide a basis for determining a more reasonable risk premium. Based on the primary issuance market of green bonds, this paper takes into account the macro-and microscopic cross-sectional data of green bond issuance and comprehensively considers the main factors affecting the green bond risk premium from macro-influence factors, micro-influence factors, and green attribute factors. An empirical study of the factors affecting the risk premium of China's green bond issuance was conducted using multivariate statistical regression analysis. The study found that the green attribute factor affecting the risk premium of green bonds is third-party green assessment certification. The bond factors affecting the risk premium of green bond issuance mainly include debt credit rating, issue period, and issue size, all of which affect the risk of green bond issuance. The issuer factors affecting the risk premium of green bonds include debt principal, nature of property rights, and return on net assets. The macro factor affecting the risk premium of green bonds is the current market interest rate.
Introduction
Green bonds provide a new channel of direct financing for the real economy, and are an important driving force for green and sustainable development. The issue risk premium of green bonds reflects the degree of risk compensation and affects the financing costs of bond issuers. Thus, a reasonable issue risk premium is the key to the successful issuance of green bonds. Studying the factors affecting the issue risk premium of green bonds will help understand the role of environmental benefit dividends. It has important practical significance for reducing the financing cost of issuing green bonds and helping investors avoid investment risks.
Green bonds are a relatively recent innovation in China, but they have developed rapidly. China's green bond market started at the end of 2015, and subsequently entered the fast lane: China is now one of the world's top green bond issuers. In 2016, the issuance of China's green bonds exceeded one-third of the global green bond issuance (USD 81 billion), ranking first in the world. According to the internationally accepted Climate Bond Standard (CBS), by the end of 2018, China's green bond issuance totaled USD 31.2 billion, accounting for 18% of the total global issuance, ranking second in China's private enterprises face greater financing constraints, while state-owned enterprises for which the government provides an implicit guarantee are more likely to obtain external financing such as bank loans. Based on an analysis of financing, the nature of government property rights of an issuer's debt will affect the financing cost of issuing bonds through factors such as implicit guarantees and performance differences [18] . Based on analysis from an investment perspective, most of China's mainstream bond investors are commercial banks or large financial institutions. The tendency to hedge when purchasing bonds is obvious, and there is a strong consumer preference for state-owned enterprises.
A return on net assets represents the profitability of a company's assets; the higher the return on net assets, the higher the return from an operating investment. Although green bond investments are more prone to long-term benefits and social benefits (such as environmental value) than other bonds, green bond issuers generally have higher regulatory thresholds, and investors are more concerned about an issuer's return on common stockholders' equity (ROE).
The asset-liability ratio is defined as the ratio of total liabilities to total assets in the previous fiscal year of the green bond issuer, and is used to measure the solvency of the issuer. Solvency is an important indicator of a company's debt service ability. The stronger the solvency of the enterprise, the smaller the debt and bankruptcy risks, and the lower the risk premium [19] [20] [21] .
In addition, some studies have found there is a positive relationship between corporate social performance and debt rating. Thus, corporate social performance has a positive role in reducing the cost of debt capital. Moreover, firms with better corporate social performance are more attractive to lenders in terms of leverage allowance [22] [23] [24] .
However, as the fundamental element that distinguishes green bonds from other financing instruments, research on "green" attributes is less comprehensive. Since most green projects are less mature and experimental innovation activities, investors may think that green bonds are riskier than ordinary bonds if there is no evidence of the performance of green projects. Lack of transparency in information disclosure often means the existence of private information, leading to high costs with adverse selection. Many investors are concerned about "greenwashing", and transaction costs and reverse selection costs may cause liquidity shortages and lead to higher risk premiums. There is information asymmetry between investors and bond issuers. Investors can only assess bond default risk through corporate disclosure. In the case of market information asymmetry or information uncertainty, investors will demand a higher bond market risk premium [25] , so the "green" information disclosure of the green bond market is particularly important. Whether or not a third-party green assessment certification is granted is an important basis for judging whether green bonds are "green" or not. Existing studies have only considered the impact of social responsibility performance on debt financing costs [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . It has not been studied whether the unique mechanism of green bonds-the third-party evaluation and certification mechanism-has a significant impact on the issue risk premium.
As one of the important financing tools for green financial markets, green bonds are of great significance to the green and sustainable development of the real economy by controlling the flow of funds, improving the distribution of funds in the economy and society, and making resources flow to green industries. Therefore, based on the dual characteristics of "bonds" and "green" within green bonds, this study considers factors affecting the risk premium of China's green bond issuance from three aspects-macro-influence factors, micro-influence factors, and "green" attribute factors-to address the lack of research on the risk premium of green bond issuance, and to provide a reference for financing companies, investors, and regulators to promote sustainable economic development.
Research Hypothesis
Based on the above analysis of existing research, we tested the following null hypotheses: Hypothesis 1 (H1). Obtaining third-party green assessment and certification will help reduce the risk premium of green bonds.
Hypothesis 2 (H2).
There is a negative correlation between the debt credit rating and the issue risk premium of green bonds.
Hypothesis 3 (H3).
The nature of the issuer's property rights is that state-owned enterprises are conducive to reducing the risk premium of green bond issuance.
Hypothesis 4 (H4).
There is a negative correlation between the return on net assets and the risk premium of green bond issuance.
Hypothesis 5 (H5). Green bonds are classified as green financial bonds to help reduce the risk premium of green bonds.
Hypothesis 6 (H6).
There is a positive correlation between the bond maturity and the risk premium of green bonds.
Hypothesis 7 (H7).
There is a negative correlation between the issue size and the risk premium of green bonds.
Hypothesis 8 (H8).
There is a positive correlation between the asset-liability ratio and the risk premium of green bonds.
Samples and Data
In the empirical process of testing the risk premiums of China's green bond issuance, this paper used China's labeled green bonds from 1 January 2016 to 31 December 2018 as research samples. These bonds with "green" labels were all in line with the standards of domestic green bonds. In order to ensure the uniformity of data standards and the accuracy of subsequent tests, we conducted the following screenings: (1) although green asset-backed securities are green bonds, the structure of credit-enhanced bonds is different from that of conventional green bonds. Therefore, we excluded green asset-backed security samples; (2) we excluded green bonds issued by Chinese companies listed on overseas exchanges due to significant differences in the macro-environments of domestic and foreign markets; (3) we excluded green bonds whose relevant data were not complete. After the screening we had a selection of 305 green bonds that could be used for empirical analysis, which were issued during the period from 1 January 2016 to 31 December 2018. We had one observation per bond when issued, for which data was cross-sectional.
The characteristics of green bonds were based on the bond-labeled green bonds and the China Financial Information Network green bond database, and included bond code, issue size, issue period, coupon rate, issue debt rating (the credit rating of the issue is made at issuance), issuer, and debt varieties. Green certification data were obtained manually.
The data of the characteristics of the green bond issuance were derived from the Wind database and the China Stock Market Accounting Research (CSMAR) database, including return on common stockholders' equity (ROE), the asset-liability ratio, and property rights. Based on the data desirability and comparative principle, the company's related financial data, such as the asset-liability ratio and return on net assets, were based on the data disclosed in the annual report of the previous fiscal year from the date of issuance of each green bond.
In terms of macro market data, the yield to maturity of government bonds representing risk-free interest rates was obtained from data published by China Government Securities Depository Trust and Clearing Co., Ltd. The three-month Shanghai interbank market rate (Shibor), which represents the current market interest rate, came from the Wind database.
Variables and Models
The variable discussed is the issue risk premium of the green bond primary market. Based on the capital asset pricing model (CAPM) theory, a return of securities consists of two parts: the risk-free rate of return, and the risk premium. The green bond risk premium is the difference between the yield to maturity and the risk-free rate of the green bond primary issuance market. Under normal circumstances, national credit-based government bonds have zero credit risk and strong liquidity. Usually, the maturity yield of government bonds with the same issue date and the same maturity date are regarded as the risk-free interest rate.
Assuming that the issue price of the green bond primary market is the yield to maturity of green bonds, and the cash flows of green bonds are the coupons (C) and principal (M), the yield to maturity can be expressed by the following formula:
The green bond risk premium formula can be expressed as Green bond issuance risk premium = green bond issuance yield to maturity − risk-free rate. (2) Regarding the selection of risk-free interest rates, this paper uses the selection method used by Valta et al. [36] ; that is, the maturity yield of government bonds with the same remaining maturity date on the day of issue. Among these, the bond issuance periods of the national debt are generally 1 year, 3 years, 5 years, 7 years, 10 years, 15 years, and so on. If the bond term is not within the above time limit, this paper uses the linear interpolation method [37] to construct the maturity yield of a government bond with the same maturity.
Combined with the literature and the actual situation of China's green bond primary issuance market, this paper includes four levels of explanatory variables in the empirical model: a "green" attribute factor, a macro-environmental factor, a bond characteristic factor, and an issuer characteristic factor. The "green" attribute factor of a green bond is the certificate. The macro-environmental factor is the current market interest rate. Bond characteristic factors include the credit rating of the debt, and the size and term of a green bond. Issuer characteristic factors include the asset-liability ratio, the return on common stockholders' equity of the issuer, the attribute of the company (state-owned enterprises or non-state-owned enterprises), and whether the issuing entity of a green bond is a financial institution. The variable interpretation table is shown in Table 1 . Referring to relevant literature at home and abroad [7, 8, [10] [11] [12] 16, 17, [19] [20] [21] 25] , the multiple linear regression model of the factors affecting the risk premium of green bond issuance is as follows:
where C is the intercept term, β n (n = 1, 2, . . . ) is the coefficient of each explanatory variable, and u i is the random error term.
Empirical Analysis

Descriptive Statistical Analysis
According to the statistical data in Table 2 , the following conclusions are obtained:
(1) The average, median, maximum, minimum, and standard deviation of the green bonds' issue risk premium are 1.73%, 1.54%, 4.84%, 0.30%, and 0.93%, respectively. This shows that there is a positive risk premium for the issuance of green bonds in China, and that the risk premium is not high. Moreover, the issue risk premium of green bonds has a certain volatility and research value. (2) The average value of green certificates is 0.62, and the median value is 1, which shows that although the requirements for third-party certification in China are relatively loose and not mandatory, more than 60% of the green bonds issued in China have been certified by third-party green assessments. (3) On the whole, green bond issuers have strong profitability. The average ROE is 8.52%, the minimum value is −1.47%, the maximum value is 25.41%, and the standard deviation is 1.64%, which indicates that there are significant differences in profitability among issuers. (4) The average leverage ratio is 71.79%, the median is 68.52%, the range is 22.52%-97.89%, and the standard deviation is 18.73%. This result shows that the average asset-liability ratio of green bonds in the sample is high, and the difference is significant. The main reason is that in the sample, financial institutions account for a relatively high proportion of issuers. Due to the particularity of financial statements of financial institutions, the asset-liability ratio often reaches more than 90%, thus improving the overall average of the asset-liability ratio. (5) The average debt rating is 3.83, the median is 5, the maximum value is 5, the minimum value is 0, and the standard deviation is 1.64. This shows that the overall rating of green bonds is high and the bonds are of a good qualification, with more than half of the green bonds being AAA. (6) The average size of the issuance is CNY 2.18 billion, the minimum value is CNY 100 million, the maximum value is CNY 30 billion, the median value is CNY 1 billion, and the standard deviation is CNY 3.77 billion. This result shows that the issuance scale of each green bond in China's green bond market is quite different. Logarithmic processing is considered in econometric regression analysis to eliminate the difference effect brought by dimension. (7) The average term of bonds is 4.91 years, with a median of 5 years, a maximum of 15 years, a minimum of 2 years, and a standard deviation of 2.37 years. This result shows that the term of China's green bonds varies greatly, with an average term of about 5 years. The term of green bonds issued in China is shorter than that in foreign markets. To better match the supply and demand of capital in the term structure, the term of China's green bonds could be longer in the future. Green bonds will become an important financing channel for enterprises to develop medium-and long-term green projects. (8) The average value of the Debtor variable in the domestic green bond market is 0.34, and the standard deviation is 0.47. This shows that 34% of green bonds in the sample were issued by financial institutions, and this has played an important role in developing the green bond market and promoting the concept of green finance.
(9) The average value of Soe is 0.76, and the standard deviation is 0.43. This shows that 76% of green bonds in China are issued by state-owned enterprises (central state-owned enterprises and local state-owned enterprises), and the proportion of state-owned property rights issuers is relatively high. The enthusiasm of private enterprises to issue green bonds is not as great as that of state-owned enterprises, which may be related to the large financing constraints faced by private enterprises and the low rate of project return caused by the lack of internalization of the positive environmental externalities of most energy-saving and environmental protection projects. First, a multicollinearity test was performed on the overall regression model using the variance inflation factor (VIF). As shown in Table 3 , the VIF of each variable in the multiple linear regression model is less than 10, and the mean value of VIF is less than 2, so there was no multicollinearity problem in the model. Next, to test whether there was an endogeneity problem in the model, we performed the Hausman test. As shown in Table 4 , it was found that the p-value of the test for the null hypothesis that "all variables are exogenous variables" was significantly greater than 0.05; that is, the null hypothesis that all variables are exogenous variables was accepted. Therefore, there was no endogeneity problem in the model. By performing the White test, it was found that the ordinary least squares (OLS) model had a heteroscedasticity problem. Therefore, in order to make the regression result more accurate, it was necessary to use the robust standard error to eliminate the heteroscedasticity in the model. The sample data were subjected to full-sample regression analysis using Stata12.0 statistical software, and the results of multivariate statistical regression are shown in Table 5 . The findings of the empirical results are as follows. The coefficient of green certification is −0.334, and the statistical result is significant at the 1% level, which explains acceptance Hypothesis 1 (H1), and proves that green certification has a negative correlation with the risk premium of green bonds. This shows that achieving third-party green certification can help reduce green bond financing costs. The coefficient of the issue size factor is −0.384, and the statistical result is significant at the 1% level. This shows that the greater the scale of green bond issuance, the stronger the liquidity of bonds, the more active green bond trading, and the higher the acceptance of green bonds by investors. Therefore, increasing the scale of bond financing can reduce the risk premium of green bond issuance. The coefficient of the bond term factor is −0.053, and the statistical result is significant at the 1% level. This result shows an interesting phenomenon-the risk premium of green bonds is lower with a longer release period. Observing the sample data, it is found that the short-term yield curve shows a clear upward trend, but the rising trend of the medium-and long-term yield curves slows or stabilizes. At the same time, a long bond issuance period also conveys the confidence of the company in bond sales, along with its own reputation and performance. A longer bond maturity conveys a signal of good bond quality. The coefficient of the debt rating factor is −0.125, and the statistical result is significant at the 1% level. When the green bond is issued in the primary market, the debt rating of the green bond is higher and, the credit level is better, the default risk is lower, and the financing cost is lower.
The coefficient of the debt principal factor is −0.357, and the statistical result is significant at the 5% confidence level, which indicates that there is a negative correlation between the debt principal and the risk premium of the green bond. This shows that China's green bond market has specific preferences for green financial bonds. The coefficient of return on equity is −2.259, and the statistical result is significant at the 5% confidence level. This shows that the higher the return on net assets, the stronger the profitability of green bond issuers and the lower the probability that green bond issuers will bear the risk, resulting in a relatively small risk premium. The current market interest rate coefficient is 0.264, and the statistical result is significant at the 1% level. This shows that there is a significant positive correlation between the risk premium of green bond issuance and the current market interest rate in the context of increasing domestic marketization. The coefficient of the property factor is −0.478, and the statistical result is significant at the 1% level, indicating that the issuer's property attribute is a state-owned enterprise that helps to reduce the risk premium of green bonds.
The R 2 of the multiple linear regression equation is 54.06%, which indicates that the interpretation level of each explanatory variable in the multiple linear regression equation for green bond issuance is 54.06%, and the degree of interpretation is relatively high.
Group Multiple Regression Analysis
The credit rating of a green bond is an important indicator of the credit level of the bond. To further study the influence of various factors on the issue risk premium of green bonds with different credit ratings, and to verify the robustness of the overall regression model, green bonds with different credit ratings were divided into three groups (credit rating = AAA, credit rating = AA+, and credit rating = AA). The results are shown in Tables 6-8. According to the group multiple regression results of Tables 6-8 , it is found that:
(1) Regardless of the credit rating of green bonds, third-party green assessment certification can play the role of credit endorsement for green bonds, which helps to reduce the risk premium level. (2) The credit rating is a key factor in determining the market value of green bonds. When a green bond has a higher credit rating, green evaluation certification has a more significant effect on reducing the issuer's financing cost. When a green bond has a lower credit rating, it hinders the effect of third-party green certification and reduces the investor's green investment tendency. (3) According to the R 2 of the multiple linear regression equation for each credit rating group, the interpretation level of each explanatory variable in the multiple linear regression equation for the green bond issuance is relatively high.
Results
This study used multivariate statistical regression analysis to empirically analyze macro-and cross-sectional data and determine the factors that influence China's green bond issue risk premium. Multivariate regression statistics revealed the following.
From the perspective of "green" attribute factors, third-party green assessment certification can significantly reduce the financing costs of green bonds. Third-party green certification is inherent in green bonds. At present, although the relevant regulations in China have relatively loose requirements for third-party certification and generally have encouraging attitudes and no mandatory requirements, most green bond financing projects have implemented third-party certification. The empirical study found that in the primary issuance market, third-party green assessment certification and the risk premium of green bonds show a significant negative correlation at the 1% significance level. Further, in the group regression analysis of green bonds with different credit ratings, it is found that when a green bond has a higher credit rating, the green evaluation certification has a more significant effect on cutting the issuer's financing cost. The implementation of third-party green assessment certification can play the role of endorsing green bond credits, improving the credibility of green bonds, and significantly reducing the financing costs of green bonds.
From the perspective of bond characteristics, the factors affecting the risk premium of green bond issuance mainly include debt credit rating, bond maturity, and bond size. There is a negative correlation between the issue size and the issue risk premium of green bonds. This shows that the larger the issuance scale of green bonds, the stronger the liquidity of green bonds and the higher the recognition degree of bond investors. The bond maturity is inversely related to the issue risk premium of green bonds. It shows that the long maturity of green bonds conveys a confidence of enterprises in green bond sales and payment at maturity, and signals the high quality of green bonds. There is a significant negative correlation between debt rating and the issue risk premium of green bonds. In the process of issuing green bonds, the higher the credit rating of debts, the lower the default risk and financing cost, and the lower the risk premium of green bond issuance.
From the perspective of the issuers, the factors affecting the risk premium of green bonds are mainly the debtors, the nature of property rights, and the rate of return on net assets. Generally speaking, the information disclosure made by the financial industry when issuing green bonds is more sufficient, which weakens information asymmetry, and green bonds effectively strengthen the risk management and control capabilities of banking companies. State-owned enterprises can significantly reduce the risk premium of green bond issuance. State-owned enterprises usually have higher environmental risk management and control, project management capabilities, better information disclosure mechanisms, and relatively low moral hazard of subjective "greenwashing". At the same time, due to China's special national conditions, state-owned enterprises usually have the implicit guarantees of the government, and the probability of default is relatively low. Therefore, state-owned enterprises have lower risk premiums for issuing green bonds than non-state-owned enterprises. There is a negative correlation between ROE and the risk premium of green bonds. This shows that at the current stage, although green bond investment is more inclined to yield long-term and social benefits (such as environmental protection value) than other bonds, the return on net assets is still an important factor that influences the green bond risk premium. Because the green bond market has not matured, environmental investors are generally more cautious.
In order to reduce the financing costs of green bonds, accelerate the healthy development of China's green bond market, and encourage and guide capital flows to green projects, it is recommended to make breakthroughs in the following areas.
First, green certification should be promoted and the quality of certification should be improved. Based on empirical findings, third-party green assessment certification can significantly reduce the risk premium of green bond issuance. In addition, third-party green certification can help investors more accurately determine their investment targets, reduce the risk of information asymmetry, and improve investment efficiency. However, at present, there are some problems in China's green assessment certification market, such as inconsistent evaluation standards, unclear business attributes, irregular evaluation procedures, and insufficient comparability of certification conclusions. We suggest that in the future: (1) the third-party green certification system for green bonds should be standardized; (2) the standardization management system for domestic green bond evaluation and certification should be improved; (3) the implementation norms for the evaluation of pre-issuance and duration evaluation services should be clarified; (4) the green certification standards should be updated regularly; and (5) the supervision of third-party certification bodies should be strengthened. Continuous improvement of the green bond evaluation and certification market would provide investors with more scientific and reasonable investment opinions, and attract domestic and foreign investors to discover and invest in high-quality green bonds.
Second, a credit rating and upgrade mechanism should be established as follows: (1) establish and improve the green bond rating mechanism and determine the evaluation indicators and related weights based on the green quality of the underlying assets; and (2) provide credit enhancements for green bond issuance in priority areas. The procedures for credit rating should ensure that a bond issuer's information is fully disclosed to ensure that the raised funds are used for green projects or assets related to green bonds, as well as ensuring the "green qualifications" of relevant green projects or assets.
Third, the issuance period and scale should be reasonably arranged. The longer the term, the more obvious the interest rate advantage of green bonds (because the term is positively related to the spread), so the financing period is very important for the healthy development of the green bond market. However, compared with the international green bond market, the issuance period of China's green bonds is short. For example, the average maturity of China's green bonds is about four years, compared with an average of 6.8 years in the global green bond market. The financing period needs to be improved. In addition, the scale of issuance should be appropriately expanded within the scope of the main body to reduce the issuance cost further.
Fourth, standardize information disclosure and strengthen risk management. It is recommended to hasten the establishment of a mandatory environmental information disclosure system and raise the awareness of the environmental information disclosure of the issuer. Steps related to this are: (1) coordinate the establishment of an information communication and linkage mechanism, unify environmental information disclosure standards, and refine the forms and requirements for green bond information disclosure; (2) clarify quantitative indicators for environmental benefit assessment, study and formulate minimum environmental information disclosure standards, increase quantitative environmental information disclosure, and improve the comparability and authenticity of environmental information disclosure; (3) strengthen the sharing of basic environmental information databases to facilitate investors to understand environmental information in a timely manner; and (4) at the same time, strengthen the supervision of the duration of the green bond market, urge the issuer to use the raised funds reasonably according to the regulations or agreed use, urge the intermediaries to perform their duties, and strengthen the supervision and verification of environmental violations.
Conclusions
This paper studied the factors affecting the risk premium of China's green bond issuance, aiming to provide a basis for determining a more reasonable risk premium. Based on the primary issuance market of green bonds, this paper took into account the macro-and microscopic cross-sectional data of green bond issuance and comprehensively considered the main factors affecting the green bond risk premium from macro-and micro-influence factors as well as green attribute factors. An empirical study of the factors affecting the risk premium of China's green bond issuance was conducted using multivariate statistical regression analysis. The study found that the green attribute factor affecting the risk premium of green bonds is the third-party green assessment certification. The bond factors affecting the risk premium of green bond issuance mainly include debt credit rating, issue period, and issue size, all of which affect the risk of green bond issuance. The issuer factors affecting the risk premium of green bonds include the debt principal, nature of property rights, and return on net assets. The macro factor affecting the risk premium of green bonds is the current market interest rate.
However, the research in this paper still has some limitations, which are as follows. First, in terms of sample data, the number of green bonds currently issued is small, due to the short development time of China's green bond market. As China's green bond market becomes more mature and improves, the data will continue to be enriched. In the future, relevant research on the factors affecting the risk premium of China's green bond issuance can be further developed to better provide a decision-making reference for financiers, investors, and regulators.
Second, in terms of influencing variables, the variables in this paper had certain limitations, and it is impossible to incorporate all the factors into the research model. As China's green bond-related information disclosure system continues to improve, research on the factors affecting the risk premium will be more comprehensive and systematic.
Finally, in terms of research categories, since this article selects ordinary green bonds as the sample, it does not contain some special green bond varieties. Therefore, the research results cannot fully represent the influencing factors of the risk premium of green asset-backed securities, and have certain limitations in the research results and conclusions. In the future, it will be possible to focus on the research of the risk premium based on the structural upgrading characteristics of green asset-backed securities and its special factors, such as green infrastructure assets.
